ABSTRACT: Besides the use of fodder radish (Raphanus sativus var. oleiferus Metzg.) as green manure plant cover crops and animal feed, the seeds have high oil content and low viscosity, ideal characteristics for the production of biodiesel. Studies related to the technology of seed production for this species are insufficient to define the best spatial arrangement of plants in the field that provides higher yields associated with high-quality seeds. Thus, we investigated the space and density between plants that would be ideal for the production of high quality fodder radish seeds. We evaluated the agronomic characteristics and physical, physiological and seed health quality in recently harvested fodder radish in row spacings of 0.2, 0.4, 0.6, and 0.8 m and densities of 10, 30, 50 and 70 seeds m -2 . The quality and productivity of the fodder radish's seeds were affected by the spatial arrangement of plants in the field. Seeds harvested under the spacing of 0.2 m and density of 30 seeds m -2 had better performance and physical, physiological and health quality. Alternaria sp. incidence increased with greater spacing, while Fusarium sp. incidence decreased.
Introduction
Fodder radish (Raphanus sativus var. oleiferus Metzg.) has been used in the southern, southeastern and central western regions of Brazil in winter green manure (Lima et al., 2007) , crop rotation and animal feeding (Crusciol et al., 2005) and its roots have physical effects on the soil that allow better aeration, preparation and soil decompaction (Muzilli, 2002) . In addition to these uses, it has advantages in biodiesel production because of the low viscosity oil content of the grains, between 30% and 43% (Silva, 2006) .
Technology and crop management for seed production differ in some aspects compared to grain and forage production (Moreira et al., 2004) . For the fodder radish, green matter production techniques are known but the information available on seed and grain production and quality is divergent so technology for these characteristics is needed. Between the row spacing and the distance between plants in the row are the two factors that define the plant population. The correct choice of plant population is an extremely simple crop practice but has a great impact on yield (Severino et al., 2006) , that is affected by the interaction between the plant, production environment and crop management. Among the management practices, the use of appropriate densities and spacing (Martins et al., 1999) can interfere especially in the quality of the seeds produced, as observed by Tourino et al. (2002) in cowpea cropping.
In fodder radish seed, information on the spatial arrangement has been reported for green matter production (Ohlandz et al., 2005; Crusciol et al., 2005 and Pereira, 2006) . There is little information about cropping for seed production in the literature for the central western, South and part of Southeast Brazil (Calegari et al., 1993) . There are hardly any recommendations for the southern region of Minas Gerais, so techniques need to be developed to obtain quality seeds. Thus, the objective of the present study was to define the ideal spatial arrangement for fodder radish seed production in the winter in the southern region of Minas Gerais.
Materials and Methods
The field experiment was carried out from June to October 2007 in an experimental field in Lavras, state of Minas Gerais, Brazil (21º14' S; 45º00' W, 919 m a.s.l.). The climate has a dry cold season from April to September and a warm and wet season from October to March, according to the Köppen classification. The soil is clayey Oxisol (Latossolo distrófico, fase cerrado, according to Brazilian classification).
Soil samples were collected from the experimental area and chemical analysis performed before sowing. Fertilization at sowing was carried out according to Ribeiro et al. (1999) A randomized block design was used in a split plot factorial scheme with the sowing densities in the plot (10, 30, 50 and 70 seeds m -2 ) and the spacing in the split plots (0.2; 0.4; 0.6 and 0.8 m). The number of seeds to be used in each subplot was calculated based on the seed germination (80%), compensating for 100% plant emergence. Each field split plot consisted of six 5 m long rows and the four cen-tral rows were considered the useful area. Crop treatments were carried out, such as ant control, and the weeds were eliminated by hand hoeing.
The following data were recorded: final population, plant height, height of insertion of the first silique, number of siliques per plant, number of seeds per silique and yield. Scores for the lodging index followed a scale from 1 to 9 according to criteria established by Antunes and Silveira (1993) with score 1 for the erect plant and score 9 for all plants lodged.
The harvest was carried out by hand, the plants in the plot's useful area were pulled up and the seeds were dried to 7% moisture, with a variation of ± 0.5%. The seeds were removed from the siliques by hand threshing, stamping and rubbing through sieves. Seeds were beneficiated in an air machine and sieves with 1.8 mm x ¾ inch mesh. Assessments were then carried out from December 2007 to February 2008. The seeds from each subplot were classified by size in 2.00 mm, 2.36 mm, 2.80 mm and 3.35 mm mesh sieves and the fractions calculated of each sieve in percentage. From this assessment, the seeds classified in the 2.36 mm mesh were used to assess the seed quality. A randomized complete design was used in the assessments carried out in the laboratory in a 4 × 4 factorial design with four sowing densities and four between row spacings.
The weight of 1,000 seeds was determined following methodology reported by Brazil (1992) , where eight replications of 100 seeds were weighed on an analytical scale and the results expressed in grams. In the purity analysis, 30 g seeds were used from each plot, separated in pure seed fractions, other seeds and inert material according to Brasil (1992) . The seed water content was determined by the oven method at 105 ± 2ºC, for 24 h (Brazil, 1992) using two 5 g seed replications. The water content was expressed in percentage of the wet base.
For the germination test, the seeds were sown in gerbox, sand substrate, at 20ºC-30ºC alternating temperatures, with an 8-16 h light period in a BOD chamber, subdivided in four 50 seed replications per treatment and the results expressed in percentage of normal seedlings on the fourth day (first count) and tenth day and the percentage of normal plants was calculated (Brazil, 1992) . The germination speed index was calculated by computing daily the number of normal plants and calculated by the formula proposed by Maguire (1962) .
For the emergence test in trays, the seeds were sown in plastic boxes with earth substrate: sand at the ratio of 1:2 and field capacity for 60% at 25ºC in a plant growth chamber and 12 h light period. Four replications were used of 50 seeds per treatment and the results were expressed in percentage, on the 4 th day (initial stand) and 7 th day. The emergence speed index was calculated daily by the formula proposed by Maguire (1962) . The plant canopy dry matter was obtained after drying in a forced air circulation chamber at 60ºC for 24 h. The electric conductivity test was carried out with four replications of 25 seeds per treatment, previously weighed and placed for imbibitions in beakers containing 75 mL de-ionized water at 25ºC for 6h. After this period, the reading was carried out and the value obtained was divided by the weight of the seeds (Vieira and Krzyzanowski, 1999) .
The blotter test was carried out on the seeds by the filter paper method or modified blotter test, with the use of 2.4-dichlorophenoxyacetic acid (2.4-D) and freezing, using 200 seeds, divided into four replications of 50 seeds placed in Petri dishes on three sheets of filter paper imbibed in distilled water, 2.4-D and agar (ISTA, 2008) . Seven days after sowing the presence of fungi on the seeds was assessed using a stereoscopic microscope.
The analyses of variance for all the characteristics assessed were carried out using the SISVAR ® statistical software. The data were submitted to analysis of variance and regression analysis and the means tested by the Scott Knott test at 5%.
Results and Discussion
In the seed production period from June to October 2007, the mean temperature in the region ranged from 17.1ºC in July to 22.7ºC in October and the relative air humidity from 51.2% in September to 66.8% in July ( Figure  1 ). These data do not differ from average temperature and relative humidity observed in the last ten years (Figure 2) , except for rainfall which was supplemented by irrigation. These climatic conditions are favorable for fodder radish seed production, because it is a species recommended for winter cropping in the southern, southeastern and central western regions of Brazil (Calegari et al., 1993) . Flowering started early, 60 days after sowing. Nery (2008) 1 produced fodder radish seeds in the same planting location and observed flowering only at 90 days after sowing. This reduction in the period to the start of flowering may have occurred because of the sowing period, carried out 30 days before the present research. Calegari et al. (1993) observed flowering in the winter crop sown in the southern region of Brazil ranging from 90 to 120 days. Light period sensitive plants reduce the plant cycle when sown late and respond positively to flowering in short days (Amabile et al., 2000) . This reduction may be favorable to seed production as long as there are no reductions in yield and quality. The analysis of variance showed effect of the sowing density × between row spacing interaction for plant height. The between row spacing affected the final plant population and yield. For the other characteristics analyzed, there was no significant effect of the spatial arrangement of the plants in the field.
The final plant population, assessed at 136 days after sowing, was influenced by the spacing. As the space between rows increased, the final plant population decreased linearly (Figure 3) . However, although the sowing density ranged from 10 to 70 seeds m -2 , the maximum population obtained was 42.5 plants m -2 , and the minimum was 9.7 plants m -2 , with a mean of 29 plants m -2 . The reduction in the final plant populations was accentuated in greater spacing, resulting in population close to the densities of 10 and 30 seeds m -2 . In populations greater than 30 seeds m -2 , reduction in the stand was observed of up to 81%. Reductions in the final population between 10 and 25% are considered normal in plant populations, resulting from the use of low-quality seeds, problems at sowing, such as sowing depths or bird attack, pests and diseases that reduce the stand or even competition for water, light and nutrients (Arnon, 1975) . Under this condition, the reduction in the final plant populations was probably due to competition between plants on the line and not because of the distance between the lines.
Responses in plant height varied greatly as the spacing and sowing density increased. This fact can be explained by the alteration in the establishment of the number of plants per area. Generally, when the population density increases and between row spacing decreases, there is a tendency for plant height to increase in function of the search for light, causing etiolating. Calegari et al. (1993) reported that fodder radish plant height can range from 1.0 to 1.8 m, values observed in the present study (Figure 4) .
Similarly to the plant hight, there was great variation in the height of insertion of the first silique (Table 1) . Taller plants result in greater insertion heights of the first fruit, and this characteristic is also related to the population increase (Penariol et al., 2003) . However, Argenta et al. (2001) reported that with the increase in plant density, there was a reduction in the plant height and fruit insertion height. There are alterations in the plant characteristics with the re- duction in between row spacing, including stand height and lower height of insertion of the first fruit that increase competition among the plants in the same row for the reduced solar radiation in the crop canopy (Argenta et al., 2001 ). The maximum height of insertion of the siliqua is a desirable feature in the mechanical harvesting of seeds by allowing the highest setting of the harvester, but may increase the percentage of non-harvested pods. Higher rates of plant lodging were observed in the higher sowing densities and smaller spacing ( Table 2) with scores of 7, 5 and 3. These scores were 2 and 1 in lower population densities and greater between the row spacing, regardless of the sowing density used. The lower lodging rates observed in the larger spaces between rows and sowing densities may be related to the reduction in the final plant population of up to 81%, because of the reduction in competition among plants and etiolating. Calegari et al. (1993) recommended 0.4 m between the row spacing for seed production, because between a row spacing less than this and a high population density can cause lodging problems. At greater densities the plants tend to lodge more (Tourino et al., 2002; Moreira et al., 2004 ) that can be a negative effect when using mechanized harvesting, reducing its efficiency, yield and even the seed quality.
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The number of siliques per plant ranged from 90 to 223, and no increase was observed in the number of siliques per plant related to the increase in density or spacing. Variations were not observed in the number of seeds per silique with the increase in spacing or density (5 and 8 seeds per silique). The absence of variation in the number of seeds per silique in function of spacing or sowing density was also observed by Santos et al. (2002) for the same species when cropped under no till, with 25 cm between row spacing.
Spacing affected fodder radish seed yield, that tended to decrease as the between row spacing increased ( Figure  5 ). The highest yields were obtained in the smallest between row spacing, with 1,327 and 662.67 kg ha -1 , values higher than the mean obtained in studies on fodder radish, in which mean yields were observed of 428 kg ha -1 (Silva et al., 2006) and 123.7 kg ha -1 (Sá, 2005) . Hernani et al. (1995) stated that mean grain yields can be obtained of 1,200 kg ha -1 in between row spacing of up to 0.40 m. Calegari et al. (1993) reported fodder radish yield of around 300 to 450 kg ha -1 . In the seed quality assessment, sowing density only affected the emergence speed index, initial stand, electric conductivity and health. Significant effects were not observed in the weight of 1,000 seeds, first count, germination, emergence and plant dry matter. The seed water content obtained was 7%, and this was the typical hygroscopic balance for oil seed species (Burrell et al., 1980) . The mean purity percentage ranged from 89.3% to 97.9%. The variation in the weight of 1000 seeds was from 9.57 g to 10.54 g.
The fodder radish seed germination was above 84% which was higher than the standard established for commercialization of the seeds of this species, whose minimum value is 60%. Emergence was 79%. The results did not vary among the treatments for the first count, germination speed index and plant dry matter (Table 3) . For the emergence speed index, initial stand and electrical conductivity, the effect of sowing density was observed on the seed quality. A tendency was observed (Figures 6 and 7) to a greater emergence speed and initial stand in the seeds produced under sowing densities of 30 and 50 seeds m -2 . Densities greater than 50 seeds m -2 or less than 30 seeds m -2 did not reduce the seed vigor. In the electrical conductivity test, there was a tendency to a reduction at the 30 seeds m -2 density and to increase at densities of 50 and 70 seeds m -2 (Figure 8 ). These tests showed differences in seed quality when submitted to different sowing densities, indicating that better quality fodder radish seeds can be produced at sowing densities close to 30 seeds m -2 .
The association of the Alternaria sp., Cladosporium sp., Aspergillus sp., Penicillium sp., Fusarium sp. and Phoma sp. was observed in the seeds and the fungi and the greatest incidence here reported were for the Alternaria sp., Fusarium sp. and Cladosporium sp. (Figure 9A and B) . There was an effect of sowing density on the incidence of the Alternaria sp. and Fusarium sp. fungi. A linear tendency to increase for Alternaria sp. was observed. As the density increased (Figure 9A) there was a linear tendency to decrease in the Fusarium sp. incidence when the sowing density was increased ( Figure 9B ).
The Alternaria sp. incidence tended to increase linearly with increasing sowing density. This microorganism is associated with fodder radish seeds and takes effect in dampingoff. Crochemore and Piza (1994) worked with fodder radish seeds and observed the incidence of fungi of the Alternaria sp. genus such as Alternaria raphani, Alternaria tenuis and Alternaria brassicae associated to the fodder radish seeds. Cladosporium sp. incidence in the fodder radish seeds varied in the different population arrangements, as shown in Table 4 . The highest incidence was observed in the 10 seeds m -2 sowing density and 20 cm between row spacing (40%). Cladosporium sp. 
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Conclusions
Fodder radish seed quality and yield were affected by the spatial arrangement of the plants in the field. Row spacing or densities, respectively, greater than 0.20 m or than 30 seeds m -2 , negatively affected all the following characteristics: final plant stand, yield as well as seed physiological and health quality. Alternaria sp. incidence was increased with high spacing, while the incidence of Fusarium sp. was reduced. 
